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ABSTRACT
With the increase in anthropogenic activitiesmetal pollution is also increased and needs
to be closely monitored. In this study honeybees were used as bioindicators to monitor
metal pollution. Metal pollution in honeybees represents pollution present in air, water
and soil. Concentrations of As, Cs, Hg, Mo, Sb, Se, U and V were measured. The aim
of this study was to assess spatial and temporal variations of metal concentrations
in honeybees. Samples of honeybees were taken at five different regions in Serbia
(Belgrade - BG, Pančevo - PA, Pavliš - PV, Mesić - MS, and Kostolac - TPP) during
2014. Spatial variations were observed for Sb, which had higher concentrations in BG
compared to all other regions, and for U, with higher concentrations in the TPP region.
High concentrations of Sb in BG were attributed to intense traffic, while higher U
concentrations in the TPP region are due to the vicinity of coal fired power plants. In
order to assess temporal variations at two locations (PA and PV) samples were taken
during July and September of 2014 and June, July, August and September of 2015.
During 2014 observingmonths of sampling higher concentrations in July were detected
for Sb and U in BG, which is attributed to lifecycle of plants and honeybees. During the
same year higher concentrations in September were observed for As, Sb in PA andHg in
PV. This is due to high precipitation during the peak of bee activity in spring/summer of
2014. No differences between months of sampling were detected during 2015. Between
2014 and 2015 statistically significant differences were observed for Hg, Mo and V; all
elements had higher concentrations in 2014. This is in accordance with the trend of
reduction of metal concentrations in the bodies of honeybees throughout the years in
this region.
Subjects Biosphere Interactions, Atmospheric Chemistry, Environmental Contamination and
Remediation, Environmental Impacts
Keywords Biomonitoring, Honeybees, Trace metals, Pollution, Monitoring, Bioindicator
INTRODUCTION
Metal pollution can be of natural and anthropogenic origin. Due to industrialization in
the last few decades human activities have become a primary source of metal pollution
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in the environment (Johnson, 2015). Metals in soil can have natural origin, namely from
the parent rock, but anthropogenic activities can be the primary source. Anthropogenic
sources of metals can be traffic, industry, energy production (thermal power plants fired by
coal), intense agriculture, etc. This pollution can be spread throughout the environment,
including air, water and soil, and thus have an impact on living organism (Fargašová, 2001;
Diels, Van der Lelie & Bastiaens, 2002; Shanker et al., 2005).
Due to its mostly negative impact on living organisms, metal pollution needs to
be constantly monitored. Most of the classical monitoring methods require expensive
equipment or cover just a small area of interest. Consequently, different plant species have
been proposed as bioindicators of metal pollution (Akguc et al., 2010; Serbula et al., 2013;
Deljanin et al., 2016). Considering that plants are stationary organisms, they cover only a
small area in close proximity of the plant. Therefore different animal species have been
recently considered as bioindicators (Loflen, 2013; García-Hernández et al., 2015; Jovičić et
al., 2016; Flache et al., 2017).
Honeybees cover large areas during their foraging activities. Each forager bee completes
12-15 foraging trips per day, flying up to 10 km away from the colony and covering an area
of approximately 7 km2 (Perugini et al., 2011; Hladun et al., 2013; Johnson, 2015; Van der
Steen et al., 2016). During these foraging activities, honeybees can accumulate metals from
the environment (Johnson, 2015). Honeybees accumulate metals by flying through air and
collecting suspended particulate matter (PM) on their hairy bodies. They also ingest metals
through water they drink or by using water to cool down the hive. By visiting flowers
they can collect metals from pollen and nectar transported into plant from soil. Airborne
PM can also be deposited on flowers, as well as soil dust from topsoil erosion (Hladun et
al., 2013). Honeybees in contact with flowers collect these particles on their hairy bodies
(Negri et al., 2015). Therefore, metal pollution in honeybees represents pollution present
in air, water and soil (Sadeghi et al., 2012; Hladun, Parker & Trumble, 2015; Zarić et al.,
2017). Honeybees (Apis mellifera) have already been used as bioindicators in the past few
decades (Bromenshenk et al., 1985; Leita et al., 1996; Porrini et al., 2002; Gutiérrez et al.,
2015; Zarić et al., 2016; Giglio et al., 2017). They have been used to detect metal pollution
in different environments including urban and rural regions (Porrini et al., 2002; Perugini
et al., 2011); industrial areas (Van Der Steen, De Kraker & Grotenhuis, 2012); and protected
areas (Ruschioni et al., 2013). Through the study of soil, air, plants and honeybees from the
same region it was concluded that bees can be used to assess anthropogenic influence in
the environment (Zhelyazkova, 2012; Zhou et al., 2018).
The aim of this study was to use honeybees as bioindicators to monitor heavy metal
pollution in Serbia. Concentrations of As, Cs, Hg, Mo, Sb, Se, U and V were measured
in bodies of forager bees at five locations with different anthropogenic activities. At two
locations sampling was performed for two years 2014 and 2015 in the months of June, July,
August and September to test annual and seasonal variations. This is the first time that
honeybees have been used to determine concentration of Cs and U.
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Figure 1 Map of sampling locations (Map data: Google, DigitalGlobe). BG, Belgrade; PA, Pančevo; PV,
Pavliš; MS, Mesić; TPP, Kostolac
Full-size DOI: 10.7717/peerj.5197/fig-1
MATERIALS AND METHODS
Sampling regions
There were five different sampling regions. Each region had at least one apiary from which
the samples were taken. At each apiary at least two colonies were sampled.
Belgrade (BG)
Belgrade is the capital of Serbia. There were two apiaries in the city of Belgrade, both in the
urban center (Fig. 1). One was located at the Faculty of Veterinary Medicine—University
of Belgrade, while the other was at the Faculty of Agriculture—University of Belgrade.
Pančevo (PA)
The city of Pančevo is the center of the South Banat district, Vojvodina province, Serbia.
It is well known as an industrial city in which most of countries’ petrochemical industry
is located. Samples were taken from two apiaries, one in the eastern part of the city and
one in the western. The apiaries were located so that the bees flying form them would be
influenced by two major pollution sources in the city, fertilizer production plant and oil
refinery.
Pavliš (PV)
The village of Pavliš is suburban area, located at the outskirts of the second largest city in
South Banat district, Vršac. There is no heavy industry in the vicinity of the village. The
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Table 1 Sampling locations with year/month of sampling.
Sampling location Year/month
2014 2015
BG July –
September –
TPP July –
September –
MS July –
PA – June
July July
September September
PV – June
July July
– August
September September
main industry present is pharmaceutical company located in Vršac, close to the village.
One apiary was sampled.
Mesić (MS)
Mesić is a small village bordering a protected area. The village is in a rural area, surrounded
by agricultural area from three sides with the protected area to the north. There was one
apiary from where samples were taken.
Kostolac (TPP)
There were three apiaries located in the municipality of Kostolac. This region is
characterized by presence of two thermal power plants (TPP), Kostolac A and B. One
apiary was in the town of Kostolac in the vicinity of TPP Kostolac A. Second apiary was
in the village Drmno, located near TPP Kostolac B. This village is surrounded by the open
pit coal mine ‘‘Drmno’’. Third apiary was in between the two TPPs in the village of Stari
Kostolac, close to the ash disposal site.
Sampling
During 2014 samples from Mesić were taken in July from two colonies in one apiary. In
Belgrade samples were taken from two colonies at each of the two apiaries in July, while in
September samples were taken from one colony at each apiary. In TPP region samples were
taken from one colony at apiaries located in Kostolac and Drmno, and from two colonies
at apiary in Stari Kostolac in July and from one colony at each of the three apiaries in
September. In Pančevo both in July and September samples were taken from two colonies
at both apiaries. In Pavliš in July and September samples were taken from two colonies at
one apiary. Samples were not taken from location MS in September (Table 1).
For the 2015 sampling campaign two locations were chosen: Pančevo and Pavliš. These
locations were chosen to represent two locations with different human activities having
different environmental impacts. Pančevo represented an industrial city with petrochemical
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industry andoil refinery, andPavliš represented a suburban area not influenced by industrial
or traffic pollution. In Pančevo there were two apiaries and honeybees were sampled from
one colony at each apiary in Jun, July and September. In Pavliš there was one apiary, where
samples were taken from two colonies in June, July, August and September (Table 1).
The samples were taken on the same day from each apiary. Forager bees were collected
directly from the outer forage frame, containing bees but no brood (Van Der Steen, De
Kraker & Grotenhuis, 2012). It is documented that adult forager honeybees, specialized in
gathering of nectar and pollen, are located at the outer frame of the hive (Bilalov et al.,
2015). About 100 of worker bees, weighing aproximatelly10g, were taken and transferred
directly into sterile plastic containers. The bees were killed in the laboratory by freezing at
−21±3 ◦C. Considering that there are approximately 20 to 80 thousand worker bees in
each colony, our experiment did not influence the survival of the bee colony.
Sample preparation and analysis
Samples of honeybees were measured and dried in the oven at 60 ◦C until constant mass
(cca. 96h). Aliquot of each dried sample around 0.5000 g was measured and digested
according to the US EPA SW-846 Method 3052, in closed Teflon vessels, under high
pressure, with 7 ml of concentrated HNO3 (p.a.) and 2 ml of concentrated H2O2 (p.a.).
Digestion was performed in a closed microwave digestion system (ETHOS 1, Advanced
Microwave Digestion System, Milestone, Italy) by gradually heating the samples up to
200 ◦C (15 min), followed by another 15 min at the same temperature. Each sample was
cooled, transferred to a 25-mL volumetric flask and diluted to 25 mL with deionized water.
The concentrations of As, Cs,Hg,Mo, Sb, Se, U andVwere determined by the inductively
coupled plasma mass spectrometry (ICP-MS) using Agilent 7500ce instrument equipped
with Octopole Reaction System (ORS) in FullQuant mode. The measurements for every
sample were done in three replicates and the average values were calculated for every
sample. Calibration of ICP-MS was performed using Multielement Standard Solution IV
(Fluka) with six standard solutions. Standard solutions and blanks were prepared in 2%
HNO3. Tuning solution containing 1 µg l−1 Li, Mg, Co, Y, Ce and Tl (Agilent, Santa Clara,
CA, USA) was used for the instrument optimization. Accuracy was in the range 94–108%
of the certified reference material SLRS-6 (river water certified reference material for trace
metals and other constituents, National Research Council of Canada).
LOD were 0.015 mg kg−1, 0.002 mg kg−1, 0.01 mg kg−1, 0.07 mg kg−1, 0.01 mg kg−1,
0.083 mg kg−1, 0.001 mg kg−1, and 0.001 mg kg−1 for As, Cs, Hg, Mo, Sb, Se, U and V
respectively.
Data analysis
Average values and standard deviations were calculated for every region. Normality of the
data was checked using Kolmogorov–Smirnov test. For some elements, the data was not
normally distributed. Such data was log-transformed prior to further statistical analysis.
Statistically significant differences between locations, year or month of sampling were
determined using one-way ANOVA, followed by Tukey’s post hoc test (differences were
considered significant if p≤ 0.05). For statistical analysis, in samples where the elements
concentrations were below LOD the used values were one half of LOD.
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RESULTS
Average metal concentrations ±standard deviations for 2014 are given in Table 2. Most of
the analyzed elements were above the limit of detection (LOD) during 2014, except Sb at
location PV during July (Table S1). In 2015, Hg was below the LOD in most of the analyzed
samples. Elements that also had concentrations below the limit of detection were Sb, Se
and U (Table 3).
Most abundant element in bodies of honeybees at all locations was Mo, while U
had the lowest concentrations. The rest of the elements were ranked in the descending
order: in BG As>Se>V>Hg>Sb>Cs; PA Se>V>As>Cs>Hg>Sb; PV Se>As>V>Sb>Hg>Cs;
As>V>Se>Hg>Cs>Sb; and TPP region V>As>Se>Cs>Hg>Sb.
During 2014 regardless of the sampling month, ANOVA showed statistically significant
differences between at least two locations for Sb, Se, U and V. Namely, statistically
higher concentrations in BG compared to other locations was observed for Sb (F = 8.56,
p= 0.003). TPP region had statistically higher concentrations of U compared to other
locations (F = 12.26, p= 0.0001), and higher concentrations of Se (F = 5.15, p= 0.0056)
and V (F = 4.01, p= 0.0183) compared to MS.
Statistically significant differences between PA and PV locations were observed for Se
(F = 40.01, p= 0.0001) and V (F = 6.12, p= 0.0293), with higher concentrations in PV
samples.
During 2014 sampleswere taken in July and September at five locations. InBG statistically
significant differences were observed for Sb (F = 9.38, p= 0.0375) and U (F = 13.84,
p= 0.0205), with higher concentrations in July. Higher concentrations in September
compared to July were observed in PA for As (F = 11.73, p= 0.141) and Sb (F = 6.04,
p= 0.0493), and in PV for Hg (F = 33.78, p= 0.0283). Looking at differences between
month of July and September 2014 for all locations together no significant differences were
observed. Samples from MS were taken only in July. There were no statistically significant
differences between the sampling months in TPP region. As for 2015, ANOVA showed that
there were no statistically significant differences in monthly concentrations of the analyzed
elements.
For locations PA and PV, statistically significant differences in metal concentrations,
between two years of sampling, 2014 and 2015, were observed for Hg (F = 26.64,
p= 0.0001), Mo (F = 9.97, p= 0.0043) and V (F = 13.63, p= 0.0011). All these elements
had higher concentrations during 2014 compared to 2015 (Table 4).
DISCUSSION
From the obtained results it can be observed that at all locations themost abundant element
in honeybees was Mo, while U had the lowest concentrations. Other elements had different
rank orders depending on location. This is most likely due to different anthropogenic
activities.
Spatial variations
Higher Sb concentrations in urban regions has been reported in earlier studies (Manta et al.,
2002; Yongming et al., 2006). Concentrations of Sb in urban environments has been linked
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Table 2 Meanmetal concentrations (mg kg−1) and standard deviations in bees taken from five locations during 2014 (N = 27).
Element
Location As Cs Hg Mo Sb Se U V
BG 0.28± 0.16 0.0267± 0.0054 0.070± 0.032 0.85± 0.28 0.052± 0.019 0.23± 0.10 0.0055± 0.0033 0.232± 0.063
PA 0.206± 0.089 0.031± 0.012 0.118± 0.074 0.57± 0.20 0.025± 0.010 0.246± 0.082 0.0027± 0.0014 0.254± 0.072
PV 0.19± 0.13 0.0133± 0.0028 0.115± 0.080 0.83± 0.34 0.016± 0.010 0.206± 0.097 0.0030± 0.0011 0.193± 0.061
MS 0.195± 0.036 0.026± 0.012 0.026± 0.036 0.304± 0.024 0.0219± 0.0024 0.093± 0.021 0.00521± 0.00015 0.1155± 0.0058
TPP 0.40± 0.24 0.053± 0.038 0.045± 0.040 0.90± 0.99 0.0206± 0.0036 0.39± 0.12 0.0151± 0.0063 0.54± 0.32
Zaric
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Table 3 Meanmetal concentration (mg kg−1) and standard deviations in bees from PA and PV taken in June, July, August and September 2015 (N = 14).
Element
Location Month As Cs Hg Mo Sb Se U V
Jun 0.026± 0.021 0.020± 0.012 <LOD 0.233± 0.011 0.0136± 0.0053 <LOD 0.001135± 0.000042 0.053± 0.028
July 0.17± 0.13 0.64± 0.80 0.012± / 0.53± 0.40 <LOD 0.1243± 0.0015 0.0072± 0.0093 0.045± 0.023
August – – – – – – – –
PA
September 0.045± 0.016 0.031± 0.015 <LOD 0.214± 0.019 <LOD <LOD <LOD 0.03045± 0.00036
Jun 0.25± 0.10 0.024± 0.011 0.0119± / 0.53± 0.15 0.47± 0.64 0.38± 0.12 0.00301± 0.00099 0.194± 0.037
July 0.241± 0.013 0.028± 0.014 – 0.364± 0.043 0.0182± 0.0067 0.314± 0.012 0.0103± 0.0059 0.23± 0.21
August 0.113± 0.019 0.0279± 0.0036 – 0.29± 0.13 0.0205± 0.0038 0.236± 0.031 0.00200± 0.00067 0.092± 0.075PV
September 0.082± 0.012 0.114± 0.091 <LOD 0.44± 0.17 <LOD 0.258± 0.019 0.0051± 0.0034 0.100± 0.025
Zaric
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Table 4 Meanmetal concentrations (mg kg−1) and standard deviations in bees collected at PA and PV locations in 2014 and 2015 (N = 26).
Element
Location Year As Cs Hg Mo Sb Se U V
2014 0.206± 0.089 0.031± 0.012 0.118± 0.074 0.57± 0.20 0.025± 0.010 0.246± 0.082 0.0027± 0.0014 0.254± 0.072
PA
2015 0.079± 0.089 0.23± 0.48 0.0057± 0.0031 0.32± 0.24 0.0104± 0.0036 0.09± 0.030 0.0035± 0.0058 0.043± 0.019
2014 0.19± 0.13 0.0133± 0.0028 0.115± 0.080 0.83± 0.34 0.016± 0.010 0.206± 0.097 0.0030± 0.0011 0.193± 0.061
PV
2015 0.172± 0.089 0.048± 0.053 0.0102± 0.0024 0.41± 0.14 0.13± 0.32 0.296± 0.076 0.0051± 0.0043 0.15± 0.11
Zaric
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to intense traffic, specifically to the use of brakes (Thorpe & Harrison, 2008). Antimony was
detected in brake dust, since manufacturers use Sb2S2 instead of asbestos in brake linings
(Jang & Kim, 2000; Von Uexküll et al., 2005).
Considering that the results showed higher concentrations of U, Se and V in the area
impacted by thermal power plants Kostolac A and Kostolac B, it can be assumed that the
elements originate from coal combustion occurring in these power plants. It was already
pointed out that these power plants are sources of high concentrations of Al, Cr and
Fe found in the region (Zarić et al., 2016; Zarić et al., 2018). Earlier studies showed that
U comes from the combustion of coal in thermal power plants (Sengupta & Agrahari,
2017).The same was observed for coal fired power plants in Serbia (Životić et al., 2008;
Ćujić et al., 2015). The study by Životić et al. (2008) also stated that non-volatile elements
like U are mostly retained in solid combustion waste. The TPP region also contains an
ash disposal site, which implicates that higher concentrations of U detected in honeybees
from this region are the result of coal combustion in thermal power plants Kostolac A
and Kostolac B. Since the concentrations of Se and V in TPP region are higher only in
comparison to MS it can be suggested that these elements do not originate only from coal
combustion.
Temporal variations
In BG higher concentrations of Sb and U in July compared to September of 2014 is most
likely due to ecology of the honeybees and plant lifecycle. In July more plants bloom and
honeybees more frequently fly out of the hive to collect pollen and nectar (Zarić et al.,
2016). With the reduction of amount of pollen and nectar in the autumn (September)
brood rearing is decreased, and with it the proportion of older bees in the colony. This
leads to larger amount of younger bees in the sample that have been less exposed to
environmental pollution (Kauffeld, 1980).
Higher concentrations in September compared to July in 2014 in PA and PV for As, Sb,
and Hg, respectively, can be explained by extreme weather conditions during the months
of intense bee activity. During 2014 PA and PV had extreme rain and biggest floods in
the last 100 years (Tošić, Unkašević & Putniković, 2017; Zarić et al., 2017). Earlier studies
concluded that wet weather has an impact on the reduction of metal concentrations in
honeybees (Lambert et al., 2012; Satta et al., 2012).
Although for most of the samples taken in 2014 there were no statistically significant
differences between the months of the sampling it can be observed that the concentrations
are higher in July, which was explained by the ecology of honeybees and life cycle of plants
(Table S1).
To better study temporal variation in metal concentrations, two locations, PA and PV,
were selected out of the five previously sampled. At these locations samples were taken
in June, July, August and September 2015. ANOVA statistical analysis was performed on
these samples. Each location was tested separately, as well as with the other location to
check whether there were significant differences between different months of sampling.
The results showed no statistically significant differences whatsoever. Standard deviations
are high due to the nature of honeybees (Formicki et al., 2013; Zarić et al., 2016). This could
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Table 5 Range and average concentrations (mg kg−1) of metals in bodies of adult honeybees reported in this study and in the literature.
Element Current study
(range and average concentrations)
Earlier studies
(range and average concentrations)
As <0.015–0.74 (0.22) 0.027–0.05 (–) Giglio et al. (2017)
0.017–0.068 (0.04) Sadeghi et al. (2012)
0.67–0.83 (0.71) Van Der Steen, De Kraker & Grotenhuis (2012)
Cs 0.0099–1.21 (0.065) – –
Hg <0.01–0.25 (0.07) ND Giglio et al. (2017)
Mo 0.20–3.14 (0.61) 0.35–5.28 (0.75) Van der Steen et al. (2016)
0.36–1.16 (0.62) Van Der Steen, De Kraker & Grotenhuis (2012)
Sb <0.005–0.93 (0.045) 0.13–3.22 (0.31) Van der Steen et al. (2016)
0.09–0.19 (0.11) Van Der Steen, De Kraker & Grotenhuis (2012)
Se <0.083–0.58 (0.24) 0.00–0.76 (0.12) Dżugan et al. (2018)
0.77–4.37 (2.10) Van der Steen et al. (2016)
1.15–1.53 (1.28) Van Der Steen, De Kraker & Grotenhuis (2012)
1.84–5.98 (3.09) Roman (2005)
U <0.001–0.024 (0.006) – –
V 0.02–1.0 (0.24) 0.06–0.13 (–) Giglio et al. (2017)
0.01–0.32 (0.04) Van der Steen et al. (2016)
0.006–0.31 (0.2) Van Der Steen, De Kraker & Grotenhuis (2012)
be the reason behind the lack of statistically significant differences, although differences in
concentrations between months can be observed in Table 3.
Also, metal concentrations in 2014 and 2015 were compared to check if there are
differences between the years of sampling. Statistically significant differences were observed;
Hg, Mo and V have higher concentration in 2014. It should be mentioned that Hg was
below the LOD for all of the samples in 2015, except for location PV in June, so this affected
the findings. In an earlier study it was concluded that metal concentration in honeybees
from Serbia are in decline throughout the years (Zarić et al., 2017). The present study
confirms previous conclusions.
Comparison with literature data
For the analyzed elements available literature data together with data from this study is
presented in Table 5. For Cs and U there is no literature data available. To the best of our
knowledge this is the first time that concentrations of Cs and U in bodies of honeybees are
reported.
Range and average concentrations of most analyzed trace elements are in the ranges
reported in the literature. Only Sb average concentrations in this study are considerably
lower than those reported in two studies by Van der Steen et al. (2012) and Van der Steen
et al. (2016), although they have the same range.
Factors influencing metal accumulation by honeybees
There are a number of factors that could influence the level of metal accumulation by
honeybees. The most important factor is certainly the levels of metals present in the
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environment surrounding the honeybee colony. But regardless of levels of metals there
factors including health of the colony and individual bees and their age that can also
influence metal accumulation.
Healthy colonies with healthy individual bees are more likely to accumulate larger
amounts of metals. This is because bees in healthy colonies are more vital. More bees go
foraging and consequently more metals are accumulated. Honeybee health can be altered
in different ways. Pathogens are one of the most common reasons for the decline of health
of individual bees, as well as whole bee colonies (Potts et al., 2010). Another reason behind
unhealthy bees and colonies can be the influence of agrochemicals, mainly pesticides. Even
sub-lethal exposure to pesticides can have a negative effect on bees. It can affect their
communication, as well as their lifecycle. Some pesticides can cause the shortening the life
of bees up to 4 days (Wu, Anelli & Sheppard, 2011). This can influence the accumulation
of metals, since these bees are a shorter time exposed to metals.
Age of the individual bees that were sampled can also have an important effect on
concentrations of metals present in the honeybees. Younger bees that have not been
outside of the hive are exposed to pollutants through food brought into the hive by older
bees or by impact of immediate surrounding of the hive. Forager bees are bees that are
23–38 days old (Huang & Robinson, 1996). These are the bees that fly out of the hive and
are able to accumulate metal pollution directly from the environment. This is the reason
why mostly these bees are chosen for bioindicator studies.
Potential effects of studied elements on human health
As can have an acute and chronic poisoning effect on humans. Acute poisoning leads
to muscular pain, nausea and vomiting, abdominal pain, diarrhea, and different vascular
problems that can cause circulatory collapse and kidney damage (Saha et al., 1999). Chronic
exposure leads to skin lesions, and damage of internal organs, the respiratory, digestive,
circulatory, neural, and renal systems. Cancer is the most significant consequence of
chronic arsenic poisoning (Ng, Wang & Shraim, 2003).
Stable cesium 133 is found to be relatively safe. Some signs of mild toxicity are
hypotension, gastrointestinal distress, numbness of the lips. Although it was thought
that cancer cells are vulnerable to Cs there is no evidence to support this claim (Melnikov &
Zanoni, 2010). Radiocesium 137 due to its emitting of beta and gama radiation is extremely
hazardous even without taking it in to the body. Radioactive Cs is associated with Thyroid
Cancer (Sangvanich et al., 2010).
Hg can have different effects depending on the exposure route. Inhalation of Hg vapor
interstitial pneumonitis, corrosive bronchitis and may affect the nervous system. Ingestion
of Hg leads to corrosive ulceration, necrosis of the gastrointestinal tract and bleeding
followed by gastrointestinal damage and renal failure(Goyer & Clarkson, 2001). Methyl
mercury causes neurotoxic effects in adults and toxicity to the fetuses of mothers exposed
to methyl mercury during pregnancy (Bakir et al., 1973).
Mo is an essential element. The deficiency of molybdenum can cause mouth and gum
disorders, hypouricemia, hyperoxypurinemia, mental disturbances, and coma. Although
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essential Mo can also be toxic effecting appetite, slowing growth, and causing diarrhea and
anemia (Nielsen, 1996).
Many compounds containing Sb are gastrointestinal irritants that can cause nausea,
vomiting, abdominal colic and diarrhea. It can also have an effect on respiratory and
cardiovascular system, where it can cause myocardial damage, heart failure and cardiac
arrest (Winship, 1987).
Deficiency of Se can cause Keshan disease, which is an endemic cardiomyopathy. When
intake exceeds excretory capacity selenium can become toxic. Toxic effects include skin
eruptions and lesions, diseased nails, and can cause different neurological symptoms (Goyer
& Clarkson, 2001).
Some U salts will cause skin burns. The soluble uranium can cause acute renal damage
and renal failure (Goyer & Clarkson, 2001).
Although V is thought to be an essential element no deficiency disease has been
discovered. The toxicity of vanadium increases with its valence. V is mostly toxic to lungs,
causing bronchitis and bronchopneumonia, but it can also cause gastrointestinal distress
(Barceloux, 1999).
CONCLUSIONS
There were statistically significant differences in metal concentrations between different
months of sampling during 2014 in BG for Sb and U with higher concentrations in July.
This is due to the natural lifecycle of honeybees and plants. Higher concentrations in
September were observed for As and Sb in PA and Hg in PV. The reason behind this can be
high participation during the peak of bee activity in spring and summer of 2014. Temporal
variations were also observed in concentrations of Hg, Mo and V between the sampling
years. All these elements had higher concentrations in 2014 compared to 2015. This is in
accordance with the earlier findings showing that in this region metal concentrations in
honeybees are in decline throughout the years.
Spatial variations were observed for Sb and U. Concentrations of Sb were statistically
higher in Belgrade (BG), capitol of Serbia, compared to all other locations included
in this study. Higher concentrations of Sb are attributed to intense traffic and use of
antimony sulfide (Sb2S2) in manufacturing of brake linings. Uranium concentrations were
significantly higher in TPP region. This region is characterized by two thermal power plants
and an ash disposal site for the power plants. Considering that U is mostly retained in solid
combustion waste, including ash, it can be concluded that U in this region comes from the
use of coal in the thermal power plants.
This is the first study that reported concentrations of Cs and U in bodies of honeybees.
For other trace elements reported in this study literature data is sparse. This study can be
used as a reference for comparing concentrations of the analyzed trace elements to other
regions in the world.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 13/19
ADDITIONAL INFORMATION AND DECLARATIONS
Funding
This paper was realized as part of projects NoOI 176006 andOI 172007, which are financed
by the Ministry of Education, Science and Technological Development of the Republic of
Serbia. The funders had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.
Grant Disclosures
The following grant information was disclosed by the authors:
Ministry of Education, Science and Technological Development of the Republic of Serbia:
OI 176006, OI 172007.
Competing Interests
The authors declare there are no competing interests.
Author Contributions
• Nenad M. Zaric conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
paper, approved the final draft.
• Isidora Deljanin performed the experiments, analyzed the data, authored or reviewed
drafts of the paper, approved the final draft.
• Konstantin Ilijević performed the experiments, authored or reviewed drafts of the paper,
approved the final draft.
• Ljubiša Stanisavljević, Mirjana Ristić and Ivan Gržetić contributed reagents/materials/-
analysis tools, authored or reviewed drafts of the paper, approved the final draft.
Data Availability
The following information was supplied regarding data availability:
The raw data are provided in a Supplemental File.
Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.5197#supplemental-information.
REFERENCES
Akguc N, Ozyigit I, Yasar U, Leblebici Z, Yarci C. 2010. Use of Pyracantha coccinea
Roem. as a possible biomonitor for the selected heavy metals. International Journal
of Environmental Science & Technology 7:427–434 DOI 10.1007/BF03326152.
Bakir F, Damluji SF, Amin-Zaki L, MurtadhaM, Khalidi A, al Rawi NY, Tikriti S,
Dahahir HI, Clarkson TW, Smith JC, Doherty RA. 1973.Methylmercury poisoning
in Iraq. Science 181:230–241 DOI 10.1126/science.181.4096.230.
Barceloux DG. 1999. Vanadium. Journal of Toxicology. Clinical Toxicology 37:265–278
DOI 10.1081/CLT-100102425.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 14/19
Bilalov F, Skrebneva L, Nikitin O, Shuralev EA, MukminovM, August J. 2015. Seasonal
variation in heavy-metal accumulation in honey bees as an indicator of environmen-
tal pollution. Research Journal of Pharmaceutical, Biological and Chemical Sciences
6:215–221.
Bromenshenk JJ, Carlson SR, Simpson JC, Thomas JM. 1985. Pollution monitoring of
puget sound with honey bees. Science 227:632–634
DOI 10.1126/science.227.4687.632.
Ćujić M, Dragović S, DJordjević M, Dragović R, Gajić B, Miljanić Š. 2015. Radionu-
clides in the soil around the largest coal-fired power plant in Serbia: radiological
hazard, relationship with soil characteristics and spatial distribution. Environmental
Science and Pollution Research 22:10317–10330 DOI 10.1007/s11356-014-3888-2.
Deljanin I, Antanasijević D, Bjelajac A, Urošević MA, Nikolić M, Perić-Grujić A,
Ristić M. 2016. Chemometrics in biomonitoring: distribution and correlation of
trace elements in tree leaves. Science of the Total Environment 545–546:361–371
DOI 10.1016/j.scitotenv.2015.12.018.
Diels L, Van der Lelie N, Bastiaens L. 2002. New developments in treatment of heavy
metal contaminated soils. Reviews in Environmental Science and Biotechnology
1:75–82 DOI 10.1023/A:1015188708612.
DżuganM,WesołowskaM, Zaguła G, Kaczmarski M, CzernickaM, Puchalski C. 2018.
Honeybees (Apis mellifera) as a biological barrier for contamination of honey by
environmental toxic metals. Environmental Monitoring and Assessment 190:Article
101 DOI 10.1007/s10661-018-6474-0.
Fargašová A. 2001. Phytotoxic effects of Cd, Zn, Pb, Cu and Fe on Sinapis alba
L. seedlings and their accumulation in roots and shoots. Biologia Plantarum
44:471–473 DOI 10.1023/A:1012456507827.
Flache L, Becker NI, Kierdorf U, Czarnecki S, Düring R-A, Encarnac¸ão JA. 2017.
Similar but not the same: metal concentrations in hair of three ecologically
similar, forest-dwelling bat species (Myotis bechsteinii, Myotis nattereri, and
Plecotus auritus). Environmental Science and Pollution Research 25(6):5437–5446
DOI 10.1007/s11356-017-0884-3.
Formicki G, Gren A, Stawaez R, Zysk BGA. 2013.Metal content in honey, propolis, wax,
and bee pollen and implication for metal pollution monitoring. Polish Journal of
Environmental Studies 22:99–106.
García-Hernández J, Hurtado LA, Leyva-García G, Güido-Moreno A, Aguilera-
Márquez D, Mazzei V, Ferrante M. 2015. Isopods of the genus Ligia as potential
biomonitors of trace metals from the gulf of California and pacific coast of the
Baja California peninsula. Ecotoxicology and Environmental Safety 112:177–185
DOI 10.1016/j.ecoenv.2014.11.002.
Giglio A, Ammendola A, Battistella S, Naccarato A, Pallavicini A, Simeon E, Tagarelli
A, Giulianini PG. 2017. Apis mellifera ligustica, Spinola 1806 as bioindicator for
detecting environmental contamination: a preliminary study of heavy metal pollu-
tion in Trieste, Italy. Environmental Science and Pollution Research 24(1):659–665
DOI 10.1007/s11356-016-7862-z.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 15/19
Goyer RA, Clarkson TW. 2001. Toxic effects of metals. In: Klaassen CD, ed. Casarett
and Doull’s toxicology, The basic science of poison. New York: McGraw-Hill, Medical
Publisher, 811–867.
Gutiérrez M, Molero R, GajuM, Van der Steen J, Porrini C, Ruiz JA. 2015. As-
sessment of heavy metal pollution in Córdoba (Spain) by biomonitoring for-
aging honeybee. Environmental Monitoring and Assessment 187:Article 651
DOI 10.1007/s10661-015-4877-8.
Hladun KR, Kaftanoglu O, Parker DR, Tran KD, Trumble JT. 2013. Effects of selenium
on development, survival, and accumulation in the honeybee (Apis mellifera L.).
Environmental Toxicology and Chemistry 32:2584–2592 DOI 10.1002/etc.2357.
Hladun KR, Parker DR, Trumble JT. 2015. Cadmium, Copper, and lead accumulation
and bioconcentration in the vegetative and reproductive organs of raphanus sativus:
implications for plant performance and pollination. Journal of Chemical Ecology
41:386–395 DOI 10.1007/s10886-015-0569-7.
Huang ZY, Robinson GE. 1996. Regulation of honey bee division of labor by
colony age demography. Behavioral Ecology and Sociobiology 39:147–158
DOI 10.1007/s002650050276.
Jang H, Kim SJ. 2000. The effects of antimony trisulfide (Sb2S3) and zirconium silicate
(ZrSiO4) in the automotive brake friction material on friction characteristics.Wear
239:229–236 DOI 10.1016/S0043-1648(00)00314-8.
Johnson RM. 2015.Honey bee toxicology. Annual Review of Entomology 60:415–434
DOI 10.1146/annurev-ento-011613-162005.
Jovičić K, Janković S, Višnjić-Jeftić Ž, Skorić S, Dikanović V, Lenhardt M, Hegediš A,
Krpo-Ćetković J, Jarić I. 2016.Mapping differential elemental accumulation in fish
tissues: importance of fish tissue sampling standardization. Archives of Biological
Sciences 68:303–309 DOI 10.2298/ABS150629019J.
Kauffeld M. 1980. Seasonal cycle of activities in honey bee colonies. In: Beekeeping in the
United States, agriculture handbook 335. Washington, D.C.: USDA, 30–32.
Lambert O, PirouxM, Puyo S, Thorin C, Larhantec M, Delbac F, Pouliquen H.
2012. Bees, honey and pollen as sentinels for lead environmental contamination.
Environmental Pollution 170:254–259 DOI 10.1016/j.envpol.2012.07.012.
Leita L, Muhlbachova G, Cesco S, Barbattini R, Mondini C. 1996. Use of honey bees and
honey bee. Environmental Monitoring and Assessment 43:1–9
DOI 10.1007/bf00399566.
Loflen CL. 2013. Examination of spotted sand bass (Paralabrax maculatofasciatus)
pollutant bioaccumulation in San Diego Bay, San Diego, California. PeerJ 1:e213
DOI 10.7717/peerj.213.
Manta DS, AngeloneM, Bellanca A, Neri R, Sprovieri M. 2002.Heavy metals in
urban soils: a case study from the city of Palermo (Sicily), Italy. Science of the Total
Environment 300:229–243 DOI 10.1016/S0048-9697(02)00273-5.
Melnikov P, Zanoni LZ. 2010. Clinical effects of cesium intake. Biological Trace Element
Research 135:1–9 DOI 10.1007/s12011-009-8486-7.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 16/19
Negri I, Mavris C, Di Prisco G, Caprio E, Pellecchia M. 2015.Honey bees (Apis mellif-
era, L.) as active samplers of airborne particulate matter. PLOS ONE 10:e0132491
DOI 10.1371/journal.pone.0132491.
Ng JC,Wang J, Shraim A. 2003. A global health problem caused by arsenic from natural
sources. Chemosphere 52:1353–1359 DOI 10.1016/S0045-6535(03)00470-3.
Nielsen FH. 1996. Other trace elements. In: Filer LJ, Ziegler EE, eds. Present knowledge
in nutrition. 7th edition. Washington, D.C.: International Life Science Institute,
Nutrition Foundation.
Perugini M, Manera M, Grotta L, Abete MC, Tarasco R, AmorenaM. 2011.Heavy
metal (Hg, Cr, Cd, and Pb) contamination in urban areas and wildlife reserves:
Honeybees as bioindicators. Biological Trace Element Research 140:170–176
DOI 10.1007/s12011-010-8688-z.
Porrini C, Ghini S, Girotti S, Sabatini AG, Gattavecchia E, Celli G. 2002. Use of honey
bees as bioindicators of environmental pollution in Italy. In: Devillers J, Pham-
Delègue M, eds. Honey bees: estimating the environmental impact of chemicals. Lon-
don and New York: Taylor & Francis, 186–247 DOI 10.1201/9780203218655.ch11.
Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O, KuninWE. 2010. Global
pollinator declines: trends, impacts and drivers. Trends in Ecology and Evolution
25:345–353 DOI 10.1016/j.tree.2010.01.007.
Roman A. 2005. The influence of environment on accumulation of toxic elements in
honey bees’ body. International Society of Animal Igiene 2:423–426.
Ruschioni S, Riolo P, Minuz RL, StefanoM, Cannella M, Porrini C, Isidoro N. 2013.
Biomonitoring with honeybees of heavy metals and pesticides in nature reserves
of the Marche region (Italy). Biological Trace Element Research 154(2):226–233
DOI 10.1007/s12011-013-9732-6.
Sadeghi A, Mozafari A-A, Bahmani R, Shokri K. 2012. Use of honeybees as bio-
indicators of environmental pollution in the Kurdistan Province of Iran. Journal of
Apicultural Science 56:83–88 DOI 10.2478/v10289-012-0026-6.
Saha JC, Dikshit AK, BandyopadhyayM, Saha KC. 1999. A review of arsenic poisoning
and its effects on human health. Critical Reviews in Environmental Science and
Technology 29:281–313 DOI 10.1080/10643389991259227.
Sangvanich T, Sukwarotwat V,Wiacek RJ, Grudzien RM, Fryxell GE, Addleman RS,
Timchalk C, YantaseeW. 2010. Selective capture of cesium and thallium from
natural waters and simulated wastes with copper ferrocyanide functionalized
mesoporous silica. Journal of Hazardous Materials 182:225–231
DOI 10.1016/j.jhazmat.2010.06.019.
Satta A, Verdinelli M, Ruiu L, Buffa F, Salis S, Sassu A, Floris I. 2012. Combination of
beehive matrices analysis and ant biodiversity to study heavy metal pollution impact
in a post-mining area (Sardinia, Italy). Environmental Science and Pollution Research
19:3977–3988 DOI 10.1007/s11356-012-0921-1.
Sengupta D, Agrahari S. 2017. Heavy metal and radionuclide contaminant migration
in the vicinity of thermal power plants: monitoring, remediation, and utilization.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 17/19
In: Sengupta D, Agrahari S, eds.Modelling trends in solid and hazardous waste
management. Singapore: Springer DOI 10.1007/978-981-10-2410-8.
Serbula SM, Kalinovic TS, Ilic AA, Kalinovic JV, SteharnikMM. 2013. Assessment
of airborne heavy metal pollution using Pinus spp. and Tilia spp. Aerosol and Air
Quality Research 13:563–573 DOI 10.4209/aaqr.2012.06.0153.
Shanker AK, Cervantes C, Loza-Tavera H, Avudainayagam S. 2005. Chromium toxicity
in plants. Environment International 31:739–753 DOI 10.1016/j.envint.2005.02.003.
Thorpe A, Harrison RM. 2008. Sources and properties of non-exhaust particulate
matter from road traffic: a review. Science of the Total Environment 400:270–282
DOI 10.1016/j.scitotenv.2008.06.007.
Tošić I, Unkašević M, Putniković S. 2017. Extreme daily precipitation: the case of Serbia
in 2014. Theoretical and Applied Climatology 128:785–794
DOI 10.1007/s00704-016-1749-2.
Van der Steen JJM, Cornelissen B, Blacquière T, Pijnenburg JEML, SeverijnenM.
2016. Think regionally, act locally: metals in honeybee workers in the Netherlands
(surveillance study 2008). Environmental Monitoring and Assessment 188(8):Article
463 DOI 10.1007/s10661-016-5451-8.
Van Der Steen JJM, De Kraker J, Grotenhuis T. 2012. Spatial and temporal variation
of metal concentrations in adult honeybees (Apis mellifera L.). Environmental
Monitoring and Assessment 184:4119–4126 DOI 10.1007/s10661-011-2248-7.
Von Uexküll O, Skerfving S, Doyle R, Braungart M. 2005. Antimony in brake pads-a
carcinogenic component? Journal of Cleaner Production 13:19–31
DOI 10.1016/j.jclepro.2003.10.008.
Životić D, Gržetić I, Lorenz H, Simić V. 2008. U and Th in some brown coals of Serbia
and Montenegro and their environmental impact. Environmental Science and
Pollution Research 15:155–161 DOI 10.1065/espr2006.08.332.
Winship KA. 1987. Toxicity of antimony and its compounds. Adverse Drug Reactions and
Acute Poisoning Reviews 6:67–90.
Wu JY, Anelli CM, SheppardWS. 2011. Sub-lethal effects of pesticide residues in brood
comb on worker honey bee (Apis mellifera) development and longevity. PLOS ONE
6:e14720 DOI 10.1371/journal.pone.0014720.
Yongming H, Peixuan D, Junji C, Posmentier ES. 2006.Multivariate analysis of heavy
metal contamination in urban dusts of Xi’an, Central China. Science of the Total
Environment 355:176–186 DOI 10.1016/j.scitotenv.2005.02.026.
Zarić NM, Ilijević K, Stanisavljević L, Gržetić I. 2016.Metal concentrations around
thermal power plants, rural and urban areas using honeybees (Apis mellifera L.)
as bioindicators. International Journal of Environmental Science and Technology
13:413–422 DOI 10.1007/s13762-015-0895-x.
Zarić NM, Ilijević K, Stanisavljević L, Gržetić I. 2017. Use of honeybees (Apis
mellifera L.) as bioindicators for assessment and source appointment of metal
pollution. Environmental Science and Pollution Research 24:25828–25838
DOI 10.1007/s11356-017-0196-7.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 18/19
Zarić NM, Ilijević K, Stanisavljević L, Gržetić I. 2018. Use of honeybees (Apis
mellifera L.) as bioindicators of spatial variations and origin determination
of metal pollution in Serbia. Journal of the Serbian Chemical Society 83:1–12
DOI 10.2298/JSC171110018Z.
Zhelyazkova H. 2012.Honeybees—bioindicators for environmental quality. Bulgarian
Journal of Agricultural Science 18:435–442.
Zhou X, Taylor MP, Davies PJ, Prasad S. 2018. Identifying sources of environmental
contamination in European honey bees (Apismellifera) using trace elements and
lead isotopic compositions. Environmental Science & Technology 52(3):991–1001
DOI 10.1021/acs.est.7b04084.
Zaric et al. (2018), PeerJ, DOI 10.7717/peerj.5197 19/19
